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Abstract — This paper describes the perception of the load 
controller of a self-excited asynchronous generator with 
constant power generation. Different load controller has 
been reviewed. A simulation study of a simple electronic 
load controller was done using MATLAB/Simulink 
software. Performances of an asynchronous generator 
with electronic load controller have been evaluated. 
Discussions have been done over the simulation results. 

Index Terms — first term, second term, third term, fourth 
term, fifth term, sixth term 

I. Introduction 

At present scenario, to decentralize the power 
generation system attempt has been in generating small 
power and distributing it locally. This prompted the use 
of the wind and solar energy to cope with energy crises. 
In such areas, Self excited asynchronous generator 
(SEAG) has emerged as a possible solution because of 
its low cost, less maintenance, brushless construction 
etc [l]-[3]. However, it requires a suitable controller to 
regulate the voltage due to variation of consumer loads. 

Since SEAG has poor voltage regulation [4]-[5] it 
requires a suitable voltage controller to regulate the 
voltage due to variation of consumer loads. From the 
characteristics of an SEAG voltage generation, it is 
essential to have a load balancer at the machine 
terminals to maintain constant voltage for constant 
power operation. 

A terminal impedance controller of an asynchronous 
generator has been developed in 1990's there after it 
has been modified by different authors. The aim of this 
work is to list out the controller development and also 
to study the performances of SEAG with a simple 
electronic load controller for a mini / micro hydro 
power generations using MAT LAB / Simulink 
software. 

II. Asynchronous generator 

Asynchronous generator shown in Fig. 1 is basically 
an induction machine, if its rotor is driven by prime 



120xf 

mover above the synchronous speed ( N s = ) 

with sufficient capacitor bank is connected in the stator 
winding it can generate voltage. Here the prime mover 
characteristic is calibrated with a separately excited 
direct current motor characteristic and used as a prime 
mover of this asynchronous motor. 




Fig. 1 Schematic arrangement of proposed asynchronous generator 



III. Voltage Controller 

A. Contoller Concept 

The induction generator is a source of real power and 
absorbs reactive power while most system loads absorb 
real and reactive power. Grid independent self-excited 
asynchronous generators exhibit poor voltage 
regulation of mini / micro Hydel applications. Since the 
mechanical input remains constant, single power point 
operation of SEAG is made use of. The capacitor 
excitation of SEAG is fixed such that it gives rated 
output at rated speed and 

the load connected is controlled such that the SEIG 
always sees a constant load at its terminals. 

B. Asynchronous Generator Controller 

Professor N. P. A. Smith [6] developed a new 
voltage regulator based on the intrinsic characteristics 
of the turbine and induction machine for mini/micro- 
hydro power generation system. He had been 
implemented the voltage controller using phase angle 
control technique, switched binary-weighted loads and 
variable mark- space ratio. The same technique is 
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reproduced to understand basic concept of the load 
balancer is shown in Fig. 2. 

In phase angle control, the power dissipation in the 
ballast is varied by controlling the delay angle. Phase 
angle control is often used with synchronous generators 
but is less appropriate for induction generators, because 
of the variable lagging power factor produced as a 
result of the ballast current lagging the voltage. This 
increases the frequency variation already present due to 
lagging power factor main loads. 

Binary- weighted controllers switch in fixed steps of 
resistance. They have the advantage of producing unity 
power factor ballast and they do not cause any 
waveform distortion. The main disadvantage of binary 
weighted controllers for micro-hydro schemes is the 
complexity resulting from using a number of ballast 
loads, each with its connections, wires and switching 
device. 

A variable mark- space ratio chopping produces a 
variable unity power factor load with just single ballast. 



III. 



Load Controllers 



ballast current 
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(a) Ballast current wave form for a phase angle 
controller 
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(b) Ballast controller 
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(c) Binary weighted load 




(d)Basic switching circuit for single phase mark-space ratio 
Fig. 2 (a), (b), (c) & (d) Load controller basic circuit 



The voltage and frequency is controlled separately 
by means of a voltage controller and an electronic load 
controller in a synchronous generator. But in case of 
an induction machine it not possible so electronic load 
controller to compensate the variations in the main load 
by automatically varying the amount of power 
dissipated in a resistive load, known as the 'ballast' 
load, in order to keep the total load constant. 

A. Terminal Impedance Controller 

R. Bonert and S. Rajakaruna [7] -[8] developed a 
load controller using controlled converter and d.c 
chopper is shown in Fig. 3. It regulates voltage and 
frequency by balancing the amount of real and reactive 
power either produced or absorbed. In this controller 
both phase control and mark- space ration control 
techniques are used. 
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Fig. 3 Impedance controller 

B . Generalised impedance Controller 

J. K. Chatterjee, B. Venkatesa Permual and Naveen 
Reddy Gopu [9] modify the terminal impedance 
controller shown in Fig, 4 using voltage source pulse 
width -modulated bidirectional inverter with d.c battery 
source. The modulation index and phase angle control 
techniques are used to control the effective impedance 
of the system. 
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Fig. 4 Generalized impedance controller 



C Electronic Load Controller 

S. S. Murthy et al [11] developed the un- controlled 
rectifier and d.c chopper based electronic load 
controller shown in Fig. 5. Even though it does not 
produced or absorb the any types of Var injected or 
taken away from the system. However mark- space ratio 
control technique is used to control the power balances 
in the system and dump load resistor (R D ). 
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Fig. 5 Electronic load controller 

Design, analyses and implementation of the 
electronic load controller has been done by Bhim Singh 
et al [12]- [14]. The same team also modifies the 
electronic load controller and also implemented in 
different configuration of the self- excited induction 
generator stator connections like star, delta, and star 
with and without neutral connections. Fig. 6 depicted 
the modified electronic load controller. 
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Fig. 6 Modified electronic load controller 



D. AC/DC/AC converter based Impedance controller 

A new load controller shown in Fig. 6 was 
developed using AC/DC/AC converter by the authors 
[15]-[18]. A change in the RLC series circuit behaviors 
can changes the system effective impedances. By 
changing the inverter frequency below the resonance 
frequency of the current passing through the series 
RLC circuit can reduce the input power factor. This 
seems to be the leading Var injection (or addition of 
external capacitor) into the system. Even though it 
balances the load power it can't import the power into 
the system because the frond end converter is a 
unidirectional switch. Hence the control range is 
limited by the components ratings. 




Fig. 6 Power electronic based load controller 



IV. 



Simulation 



The simulation studies on performances of SEAG 
have been done with simple electronic load controller 
shown in Fig. 5. Since the controller cost and logic of 
control is made easy in simple electronic load 
controller for Pico/ micro/mini power generator. Fig. 7 
depicted the simulation block diagram. The machine 
details and data are shown in table- 1 . 

TABLE 1 
MACHINE PARAMETERS 



Voltage 


415 


Power 


2.2.kW 


Frequency 


50 


Stator resistance 


0.0758 p.u 


Stator inductance 


0.0924 p.u 


Rotor resistance 


0.075 p.u 


Rotor inductance 


0.09 p.u 


Mutual inductance 


1.5 


Inertia constant 


0.044 


Friction factor 


0.01 


Pairs of pole 


2 




Fig. 7 Simulation model of SEASG with ELC 
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V. Result 

Simulation was carried out with ode 23 stiff solvers 
for one second using power system tools in 
.MATLAB / Simulink 7.2 version. Closed loop control 
(shown in Fig. 8 (a) & (b)) has been developed. 




8(a) 
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(b) 
Fig. 8 Closed loop control circuit and feed back signal generation 







Fig. 9Simulation result of SEASG with out electronic load 
controller 
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Extracted phase current in ampere 



955 1.96 1.965 1.97 1.975 1.98 1.985 1.99 
Eror voltage 




2.34 2.35 2.33 2.37 2.38 2.39 2.4 
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Fig. 10 Simulation results of SEASG with Electronic load controller 

Fig. 9 illustrates the performance of SEASG without 
electronic load controller. Initially the rotor speed is 
1 544 rpm (shown in Fig. 9(a) at thereafter it reduced to 
1525 rpm. It should be settled at 1540 rpm in .85 
seconds finally. The R, L load is connected to the 
machine terminals at 0.4s and an additional load also 



connected to the system at 0.8s. The corresponding 
load currents and load voltages are shown in Fig. 9(b) 
and Fig. 9(c) respectively. The performances of SEAG 
with electronic controller (closed loop control) are 
shown in Fig. 10. The output voltage and current wave 
forms are shown in Fig. 10(b), Fig. 10(c), Fig. 10 (e) & 
Fig. 10 (f) in closed loop control feed back signal is 
taken from the voltage sensing unit also converted into 
its absolute values. It is compared with the reference 
signal (constant value of 10 refers the full load power). 
The error signal is gained with PI controller of the gain 
0.1 (both k p & kj ) xhe out put of the Pi controller is 

compared with the ramp signal of frequency 600Hz is 
shown in Fig. 10(d) (switching frequency of d.c 
chopper) and the gate signals(shown in Fig. 10(h)) is 
generated. 

VI. Conclusion 

Asynchronous generator is the best choice among 
the other generators for electrification of remote area 
like hills. It is adequate to generate a Pico/micro/mini 
power and also suitable generation with constant head 
hydro power generation. But a simple voltage regulator 
is necessary to regulate the voltage. Electronic load 
controller (uncontrolled rectifier with d.c chopper) is 
sufficient even though it does not support the leading 
Var, because most of the lighting systems are 
inductive(less number) and resistive network. 
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